1.

Introduction
The global burden of prostate cancer (PCa) rose from 200 000 new cases each year in 1975 to reach an estimated 700 000 new cases in 2002 [1] . In 2013, approximately 238 000 men in the Unites States will be diagnosed with PCa, and 30 000 will be expected to die from the disease [2] .
Treatments for patients with localised disease include radical prostatectomy (RP), active surveillance, and radiation therapy (RT), while hormone therapy is typically used in patients with advanced disease [3] . All of these treatments are associated with specific side effects resulting in considerable impairment in several health-related quality of life (HRQOL) domains [3, 4] . Thus, the inclusion of HRQOL assessment in randomised controlled trials (RCTs) testing different interventions for PCa is crucial for understanding which approach is best from the patient's perspective.
Patient-reported outcomes (PRO) data from RCTs, which include HRQOL and other health aspects reported by patients themselves [5] , are increasingly used to inform patient-centred care as well as clinical and health policy decisions [6] . Thousands of PCa patients have been enrolled in RCTs with a PRO component [7] , with the ultimate goal being to provide key information on overall treatment effectiveness. Some of these RCTs have generated highquality PRO evidence and have formed the basis for approval of drugs based on patients' subjective reports [8] . For example, Tannock et al. [9] and Osoba et al. [8] , comparing prednisone with or without mitoxantrone in symptomatic patients with hormone-resistant cancer, observed significantly better and lasting HRQOL outcomes for patients treated with mitoxantrone plus prednisone. Based on this RCT and specifically on patient-reported pain, the US Food and Drug Administration (FDA) subsequently granted approval of mitoxantrone [10] .
However, the number of high-quality studies in PCa with such impact, facilitating individual patient decision making or treatment policies, is low [11] . Although inclusion of PRO into clinical comparative effectiveness research and drug development has been recommended to understand the patient experience [12, 13] , earlier work has shown a number of methodological drawbacks in PRO reporting from RCTs, including various cancer disease sites [14] [15] [16] . In a systematic review of studies published between 1980 and 2001, Efficace et al. showed that this was also the case for RCTs of PCa [7] . However, given the increasing interest of the scientific community and stakeholders in the use and application of PRO [17] , it is of paramount importance to rely on the most solid and up-to-date evidence and identify which methodological aspects are most in need of improvement.
The main objective of this study was to investigate the methodological quality of PRO assessment in RCTs of PCa conducted since the previous survey. Secondary objectives were to estimate the likely impact of these studies on clinical decision making and to evaluate whether the standard of reporting has improved over time.
2.
Evidence acquisition The search strategy for PubMed/Medline was restricted to RCTs. No restriction in the search field description was performed, and only English-language articles were considered. We also contacted experts in the field to identify possible articles not retrieved in the electronic search. Details on the search strategy and selection process were documented according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis guidelines [18] .
2.2.
Criteria for considering studies
Types of participants
Adult patients diagnosed with PCa regardless of disease stage were included. Studies on patients with benign prostatic hyperplasia and those undergoing prevention or screening procedures were not eligible.
Types of intervention
Interventions included any RCTs comparing conventional treatments. Studies dealing with psychosocial interventions or complementary and alternative medicine were excluded. 
Types of outcome measures examined
Any studies including a PRO, either as a primary or secondary end point, were considered. Thus, we included both HRQOL multidimensional self-reported patient measures and any other type of PRO (not necessarily HRQOL) measuring the impact of the disease and treatment-related effects. Studies evaluating adherence to therapy or satisfaction with care were not included.
Types of studies
All RCTs comparing different conventional medical treatment modalities and symptom management enrolling at least 50 PCa patients (combined arms) were studied. Publications meeting the above criteria but considering a heterogeneous cancer patient sample were not included because of the possible difficulties in interpreting PRO results relating specifically to PCa patients. Conference abstracts and case reports were not considered.
Methods of study evaluation
A Web-based data-collection system was developed for the purpose of this research (http://promotionproject.gimema.it). Two reviewers (V.C. and M.F.) independently reviewed all identified studies, and a third reviewer (F.E.) was consulted in case of disagreement. Each reviewer had password access to the online system and completed a predefined electronic dataextraction form (eDEF) for each RCT meeting the study criteria (the eDEF is reported in the online Supplement). A doubleblind data-entry procedure was performed, and discrepancies in evaluations were electronically recorded. When disagreements occurred in the eDEF, the reviewers revisited the paper to reconcile any differences until consensus was achieved, and a final eDEF was validated and used for data analysis. Some trials had multiple publications, in which case the relevant data from all articles were combined. Several checklists have been proposed and used to evaluate the quality of PRO reporting in RCTs [11, 21, 22] , but only one has been endorsed by a major scientific society and developed with input from a large international panel of experts: the ISOQOL consensus-based recommendations for reporting PRO in publications of RCTs [19] . This guideline represents the highest-quality criteria available at the time of this study and forms the basis of the recently published Consolidated Standards of Reporting in Trials (CONSORT) PRO extension [23] .
The ISOQOL checklist consists of a common set of 17 key issues that are to be documented for all RCTs, regardless of the type of PRO (either primary or secondary end point). An additional 11 issues are pertinent only when a PRO is a primary end point of the RCT [19] . Each item of the ISOQOL checklist was rated as yes if documented in the publication (scored as 1) or no if not documented (scored 0). We note that although the ISOQOL checklist contains a common set of 17 items [19] , the one addressing the problem of missing data (ie, reporting the extent of and statistical approaches for dealing with missing data) was divided in two to better investigate accuracy of reporting. Each RCT thus received a score ranging from 0 to a maximum of 18 (PRO as a secondary end point) or 29 (primary end point); in both cases, the higher the score, the greater the robustness of the outcomes.
Given that the purpose of this study was to assess quality of PRO evidence and estimate the likely impact on clinical decision making, we needed to define the meaning of high-quality PRO study. As in previous works [11, 24] , we propose that at least two-thirds of the recommended criteria must be satisfied. Thus, our rule of thumb was that PRO evidence can be judged as ''high quality'' if at least 12 of 18 (secondary end point) or 20 of 29 (primary end point) criteria are satisfied. In addition, following previous work [11] , the reporting of satisfactory levels for the following three criteria was considered mandatory: baseline compliance, psychometric properties, and missing data reported. If items were considered ''not applicable,'' the cut-off was adjusted accordingly (but the three mandatory criteria still had to be met). RCTs that either failed to reach the highquality cut-off scores or did not take into account the three mandatory items were judged as reporting too little information to robustly inform clinical decision making.
Possible differences over time in the level of reporting of key selected PRO quality criteria between the current review and a previous report [7] were investigated using the chi-square test (a = 0.05).
Evidence synthesis
After having screened 1885 records, we identified 65 RCTs enrolling a total of 22 071 patients published between January 2004 and March 2012. For these studies, 116 papers were retrieved, including those related to the original RCT publication (the full list is reported in the online Supplement). Figure 1 details the search strategy and selection process.
Overview of study demographics and patient-reported outcomes assessment
In 26 (40%) RCTs, a PRO was a primary end point. Nineteen studies (29%) were carried out in a multinational context, and 34 (52%) were at least partially supported by industry. Thirty-one (48%) involved patients with localised disease, and 21 (32%) recruited patients with metastatic (either hormone-sensitive or castration-resistant) disease. More than half of the RCTs (52%) enrolled >200 patients and in these larger studies, PRO were less frequently primary end points (23% of RCTs). The two most frequently used PRO instruments, used alone or in conjunction with other measures, were the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-C30 in 18 RCTs (28%) and the Functional Assessment of Cancer Therapy-General (FACT-G) in 13 RCTs (20%). A PRO difference was found in 50 (77%) studies. When a PRO difference between treatments was found, it related to symptoms only in 29 (58%) studies, PRO domains other than symptoms (ie, functional or psychosocial status or global HRQOL domains) in 5 (10%) studies, or both in 16 (32%) studies. Further details are provided in Table 1 .
3.2.
Overview of the health-related quality of life assessment methodology A major limitation in publications was the lack of documentation of the mode of administration of the PRO instruments (for example, by telephone, by computer touch screen, or administered by health care professionals in a specific setting), with only 23% of RCTs reporting on this aspect. Of those that documented this information, none used electronic administration. Although the extent of missing data was generally documented (72% of RCTs), few reported details on statistical handling of this missing data (18%) or reasons for dropout (35%). Thus, although missing data is a crucial aspect in PRO RCTs, the level of details provided amongst reports was highly variable and ranged from studies that did not even report basic percentages of dropout over time to high-quality reports fully documenting both the lack of data and statistical methods to manage the problem [25] . Clinical significance of PRO findings was addressed in 32% of RCTs; of these, the majority (71%) discussed this issue in terms of minimally important difference. Full details on the level of reporting are provided in Table 2 .
To investigate differences over time in the level of reporting, results found in the current review with regard some key methodological issues were compared with those of a similar systematic review for PCa RCTs from 1980 and PRO = patient-reported outcomes; RCT = randomised controlled trial; RT = radiation therapy; HT = hormone therapy; OS = overall survival; EORTC = European Organisation for Research and Treatment of Cancer; FACT = Functional Assessment of Cancer Therapy; VAS = visual analogue scale; QoL = quality of life; HRQOL = health-related quality of life. * Assessed if explicitly stated or if one author or more were affiliated with a pharmaceutical company. This evaluation is based solely on information extracted from the paper. y Often, multiple PRO domains (eg, from multidimensional HRQOL questionnaires) are analysed at the same time in longitudinal PRO RCTs; to illustrate, difference in such domains might favour the experimental treatment arm at a given time point and then favour the control treatment arm at a different time point over the course of the study. The term broadly was inserted to account for this possible discrepancy, and final evaluation was based on reviewers' consensus. z Assessed as yes if at least one paper was published in addition to the original RCT report. [19] ; however, rating of items was independent of location of the information within the manuscript.
-Indicates items that are not applicable, as these are recommended to be reported only when PRO is a primary end point. * These items were not included in the ISOQOL recommended standards [19] but have been evaluated in our study and reported in this table to have a wider outlook on the level of reporting. y We evaluated as no if all PRO measures used in the study were not validated. z These items were originally combined in the ISOQOL recommended standards [19] but have been split in this report to better investigate possible discrepancies between documentation of PRO missing data (ie, reporting how many patients did not complete a given questionnaire at any given time point) versus actual reporting of statistical methods to address this issue. Also, we wanted to be consistent with items reported in the CONSORT PRO Extension [23] (ie, statistical approaches for dealing with missing data is reported as a stand-alone issue). 0 1 4 ) 4 1 6 -4 2 7 2001 [7] . Marked important improvements were found over time. Thirteen (20%) of the 65 RCTs were judged likely to be robust in informing clinical decision making. These reports are summarised in Supplemental Table 1 . Of these, seven RCTs dealt with advanced metastatic disease, four with localised disease, and two RCTs enrolled patients with both metastatic and localised disease. In metastatic, castration-resistant disease, the two largest RCTs had overall survival (OS) as primary end points, with 815 patients [26] and 629 patients [27] in the PRO analysis. Tannock and colleagues [26] showed that prednisone plus docetaxel every 3 wk, when compared with prednisone plus mitoxantrone or prednisone plus weekly administration of docetaxel, not only provided significantly better OS but also the greatest benefits in terms of HRQOL [26] . PRO details from this study were published in several reports [26, [28] [29] [30] [31] .
Such was not the case for the other large PRO study, published by Berry and colleagues [32] , which showed that docetaxel plus estramustine, compared with mitoxantrone plus prednisone, is associated with a slight increase in nausea and vomiting at 10 wk and 6 mo, but overall HRQOL is substantially similar between groups. This analysis complemented previously reported clinical efficacy findings [27] by showing that survival advantages obtained with docetaxel plus estramustine (compared to mitoxantrone plus prednisone) are not offset by worse HRQOL outcomes.
The largest study in patients with localised disease was published by Warde and colleagues comparing androgen deprivation with or without RT [33] . This study showed an OS advantage in the RT arm, with no PRO differences at 36 mo. Fransson and colleagues [34] performed a similar study and showed that androgen deprivation plus RT was associated with a worse bowel, urinary, and sexual function as well as social function at 4 yr. However, as these differences were considered small and given the survival benefit of androgen deprivation plus RT, previously found, the authors supported the value of this approach [34] .
Another important PRO finding in patients with localised disease was published by the SWOG [25] . In this study, PRO was a secondary end point of an RCT comparing RP plus observation with RP plus adjuvant RT [35] . The primary end point favoured the RP plus RT arm in terms of metastasisfree survival and OS [35] . Additional PRO analysis revealed that worse bowel and urinary function were associated with RP plus RT. Interestingly, however, at 5 yr, patients treated with RP plus RT had better HRQOL outcomes than those treated with RP alone [25] . Figure 3 depicts risk of bias in all RCTs, subdivided by the PRO quality rating (high versus low). Higher-quality PRO studies were generally associated with those RCTs that had higher internal validity (ie, free from bias). For example, although the risk of bias from the lack of blinding of [7] . y A statistically significant difference of p < 0.05.
participants and personnel was low in 92% of higher-quality PRO studies, this risk was considered low in only 44% of poorer-quality PRO studies.
Discussion
More than 20 000 PCa patients have been enrolled in 65 RCTs with a PRO component over the past 8 yr, with the aim of providing important information to better inform clinical decision making. Of these RCTs, we estimated that one-fifth (20%) might have successfully reached this goal by providing solid PRO data from which to draw meaningful conclusions. It is considered, therefore, that the PRO data in these trials can be used to inform clinical practice and decision making and that future trials use this robust approach to PRO and trial study design.
The number of studies found in this systematic review is remarkable if compared with the previous review, which identified 25 RCTs enrolling some 8000 patients and published in the 21-yr time span from 1980 to 2001 [7] . This finding might reflect the substantial increasing interest of the scientific community and the fact that PRO are now highly valued by stakeholders and are often considered a routine outcome measure in trials [5] .
The results of the present study with regard to quality of PRO reporting could be better interpreted in relation with those reported by Efficace et al. [7] reviewing HRQOL RCTs in PCa published between 1980 and 2001. Interestingly, some improvements in key methodological aspects over time were found, suggesting that investigators are becoming more familiar with the PRO issues that need to be addressed in clinical research. Several published guidelines might also have contributed in addressing previous methodological barriers to PRO implementation in RCTs. (Fig. 2) . Similarly, documentation of missing data also improved, but we also found a large discrepancy between documentation of the extent of PRO missing data (ie, reporting how many patients did not complete a questionnaire at any given time point) and the reporting of statistical methods to address this issue in data analysis. Very few studies (18%) documented this latter aspect. To our knowledge, no study has systematically investigated and reported on this discrepancy. The validity of modelbased estimates from PRO longitudinal analyses might heavily depend on the amount of missing data and also on the extent to which missing data are not missing at random, especially if the dropout pattern is different across the treatment arms. Investigation of missing data mechanism and sensitivity analyses are thus critical to support the robustness of PRO findings [36, 37] . A large variation in the level of missing data documentation (with regard to extent of, reasons for, and statistical handling) was found in our review, with some excellent examples [25] illustrating how to address and document this issue. Importantly, with regard to the key items that are included in the recently developed CONSORT PRO extension [23] , our study showed that the level of reporting was suboptimal, with approximately 50% of fewer RCTs addressing the issue (Table 2) . Urologists seeking to practice evidence-based medicine need to be increasingly cognizant of the recommended methodologies for conducting and reporting PRO-related research.
According to the US FDA, PRO can be defined as a measurement of any aspect of the ''patient's health 
condition that comes directly from the patient, without interpretation of the patient's response by a clinician or anyone else'' [5] . PRO can thus range from specific symptoms to more elaborate constructs such as HRQOL, which is a multidimensional construct consisting of at least four dimensions, including physical, psychological, and social function as well as disease-and treatment-related symptoms. An important issue often debated in the literature when designing an RCT with a PRO component [38] is whether the use of symptom outcome measures only suffices to properly inform on the value of a given treatment over another. Our study shows that when PRO differences were found, they were more frequently related to specific symptoms only (ie, in 58% of RCTs). In a minority of cases (10%), differences between groups were related to more generic aspects such as functional, psychosocial, or global HRQOL outcomes. When PRO were used as secondary end points, the large majority of studies (74%) found that differences between treatment arms provided important additional information. However, inspection of higher-quality studies (summarised in Supplemental Table 1 ) also provides empirical evidence that, even when no major PRO differences are found between treatment arms, if PRO assessment is robustly performed, such patient-based outcomes can still be highly informative to comprehensively evaluate overall treatment effectiveness. Another important finding was that higherquality PRO studies were generally associated with lower risk of bias RCTs (ie, with higher internal validity; Fig. 3 ). This finding might confirm the concept that well-designed trials also have well-designed PRO, and together the data can be used to inform practice.
Our study has limitations. It is possible that we might have missed some RCTs with a PRO component given our search strategy, although we did use a thorough search strategy. Another limitation is the exclusion of non-Englishlanguage published papers. However, previous evidence has shown that such omission would not significantly hamper conclusion of systematic reviews [39, 40] . Also, our working definition of high-quality studies was based on methodological issues only, without an in-depth examination of the relevance for PRO inclusion in the specific RCT context. We thought that judging the relative importance of including a PRO assessment in a specific RCT over another would have been too subjective, and we thus assumed that the inclusion of a PRO component was equally important in all RCTs. We have, however, conducted a sensitivity analysis to examine the impact of tightening or relaxing slightly the cut-off used to define trials of robust quality. With a one point lower or higher than the one used in this analysis, we could have judged as ''robust,'' respectively, 17 (26%) or 11 (17%) in contrast to the 13 (20%) in the current work.
This work also has a number of strengths. Evaluation of the PRO methodological quality has been based on the highest quality standards developed by a large international panel of experts and endorsed by a major scientific society [19] . These criteria were also the basis for developing the recently published CONSORT PRO recommendations [23] . Also, unlike several other reviews in this area, we considered any study addressing PRO (rather than HRQOL outcomes only), thus providing a wider outlook in this field.
Conclusions
At least one-fifth of PRO RCTs in PCa have provided sufficient details to allow health policy makers and physicians to make a critical appraisal of results. Our work has shown that including well-designed PRO in RCTs of PCa patients is critical for better evaluating the treatment effectiveness of new therapeutic approaches. Improvements in key PRO quality reporting over time were also found, suggesting that methodological barriers to PRO implementation in RCTs are no longer so challenging as to hamper successful conduct of the study. High methodological rigor, however, is crucial to translating PRO research findings into information likely to affect clinical decision making. Investigators should note the methodological aspects that are most in need of improvement and thoughtfully plan and report future studies in PCa with a PRO component.
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